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Immunostimulatory treatment of cancer, using cytokines
and therapeutic vaccination, has been investigated for several
decades but with very limited success. In this issue of the
European Journal of Cancer, Alexander Eggermont highlights
these problems in an article entitled: ‘Therapeutic vaccines
in solid tumours: can they be harmful?’ The poor response
to immunotherapy is a paradox as convincing experimental
and clinical data now strongly indicate that the immune sys-
tem plays a major role in cancer control. The immune surveil-
lance concept’ was abandoned more than 30 years ago
mainly for the wrong reasons. The expected increased inci-
dence of malignant tumours in immunocompromised ani-
mals such as nude mice was never confirmed. It is,
however, now clear that these animal models were in reality
not profoundly immunocompromised, but were still able to
mount a significant anti-tumour immune reactivity. When se-
verely immunocompromised transgenic mice of the Stat 1 /-,
IFNgR /-, or RAG2 -/~ genotypes were studied later on, the tu-
mour incidence and the immunogenicity of cancers growing
in such animals strongly supported the existence of immune
mediated anti-cancer reactivity with the capacity to control
cancer development. Based on these results, the immunoed-
iting model was developed? with an early elimination phase
(elimination of tumour cells by the immune system), followed
by an equilibrium phase (a balance phase when tumour pro-
gression is still controlled by the immune system) and an es-
cape phase (when the tumour grows progressively).

The absence of an enhanced incidence of adenocarcinoma
and squamous cell carcinoma in therapeutically immunosup-
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pressed allo-organ transplanted patients was considered to be
another strong argument against the immune surveillance
concept. However, it now seems clear that these cancers, at
an early stage, have the capacity to down-regulate the anti-
tumour immune reactivity. Crucial immune parameters, such
as the presence of dendritic cells®, expression of the {-chain
of the T-cell receptor* and expression of CD28,”> were often
dysregulated in the sentinel node, even in the absence of
lymph node metastasis. Similarly, the expression of several
cell surface receptors on circulating monocytes of stage II
breast cancer patients were found to be missing.® In addition,
the occurrence of regulatory T-cells at an early stage was
found to correlate to prognosis.” Thus, further therapeutic
immunosuppression in these cancers will not change the
course of the disease.

The importance of immune mediated cancer control is fur-
the supported by the often found positive correlation between
the occurrence of tumour infiltrating lymphocytes and prog-
812 and a negative correlation between the occurrence
of immunosuppressor cells, such as regulatory T-cells, and
prognosis.””** In particular, the ratio between effector cells
and suppressor cells can be of predictive value.’®

Determination of crucial immune parameters related to
tumour progression might provide significant prognostic
information. Clinchy et al.'” showed that dysregulation of
the immune system in cancer, with an enhanced capacity
to produce interleukin-6 (IL-6), correlates to poor prognosis
in radically resected colorectal cancer patients. No cancer re-
lated deaths were found in the group of Stage III tumours with
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normal production of IL-6. Similarly, Galon et al.'® have
shown that T-cell immune parameters strongly correlate to
prognosis in colorectal cancer patients. It could then be ar-
gued that a subset of good prognosis cancers has been identi-
fied by these immune parameters and that the good prognosis
is not due to an immune mediated cancer control. However, it
is well-known that early resection of a cancer has a major
influence on the chance to achieve cure. Thus, the good prog-
nosis cancers identified by these immune tests would have
escaped immune mediated control if they had been left to
progress. The prognostic value of immune parameters was,
in these papers, considered to be superior to the prognostic
information obtained by the classic TNM classification. These
results strongly support the importance of the immune sys-
tem in cancer control.

The immunoediting model predicts that major changes
have taken place when tumours progress from the equilib-
rium phase to the escape phase. In animal models it is clearly
shown that the immunologically sculpted tumours are less
immunogenic, but also that immunosuppression plays a ma-
jor role when tumours enter the escape phase.™® As discussed
above, it is obvious that the immune system is still of major
importance for human cancer control.

Changes take place in the immune system when tumours
progress from the equilibrium phase to the escape phase,
with a gradual increase of cancer related immunosuppres-
sion. Only the subset of patients who still have limited immu-
nosuppression, with some crucial immune functions left, will
have the capacity to respond to immunotherapy. The re-
sponse rate to immunotherapy will consequently be low as
the majority of patients with progressively growing meta-
static cancers have a far too severe immunosuppression to re-
spond. This view is compatible with the repeatedly found
correlation between the occurrence of tumour infiltrating
lymphocytes®®22 or a gene signature in tumour biopsy pre-
treatment® and response to immunotherapy.

The immune system has the capacity to control cancer!
Why doesn’t it work?

The immune system is finely tuned to detect and eradicate
foreign structures, ‘non-self’, and, at the same time, avoid
over-reactivity with destruction of normal tissues resulting
in autoimmune or chronic inflammatory diseases. These
extensive down-regulatory control mechanisms, if pathologi-
cally triggered, can efficiently block the immune system, as
seen in cancer related immunosuppression.

Several tumour-cell related mechanisms whereby tumours
evade immune mediated control have been described, e.g. de-
creased tumour cell immunogenicity and tumour cell resis-
tance to apoptosis. It is often argued that tumour associated
antigens are weak, self antigens against which it is difficult
to obtain strong immune responses. However, even if tumour
cells are transfected with strong antigens, the tumour milieu
has the capacity to suppress the immune response.”* A mul-
titude of mechanisms down-regulating immune reactivity
have been described, but malignant tumours primarily have
only a very limited number of ways to induce immunosup-
pression: via Inflammation, hypoxia, phagocytosis of apopto-
tic tumour cells and Fc-receptor modulation. These primary
mechanisms will result in a cascade of other, secondary mecha-
nisms. Early on, a beneficial inflammatory reaction controlling

the cancer is elicited (elimination phase of the immunoedit-
ing model). Inflammatory reactions should then be down-reg-
ulated once the eliciting agent is eradicated. In cancer,
however, the eliciting agent, the cancer, is often not eradi-
cated but persists, creating a chronic inflammation which
continues to stimulate down-regulatory mechanisms. The
dysregulated cytokine profile, enhanced proteolytic activity
and enhanced production reactive oxygen species being of
major importance. In addition to this, hypoxia, phagocytosis
of apoptotic tumour cells and Fc-receptor cross-linking all
have profound effects on down-regulation of immune reactiv-
ity. All these mechanisms are normally in place in order to
control over-reactivity and avoid autoimmunity. In progres-
sively growing metastatic cancer, these mechanisms together
create a ‘full-blown’ immunosuppression.

According to the immunoediting model, a balance (equilib-
rium phase) can, however, be achieved, with no clinical tu-
mour progression for a long period of time. After radical
surgery, very long recurrence free intervals are seen, indicat-
ing that a ‘second equilibrium phase’ has been induced. At
the transition between the equilibrium and escape phases it
is reasonable that, initially, only some of the suppressor
mechanisms are active and should even be reversible once
they are identified.

Stimulation of an immune system, which is triggered to
down-regulate immune reactivity, will of course carry the risk
that the down-regulatory, inhibitory mechanisms are stimu-
lated, worsening immunosuppression and further facilitating
tumour escape. This mechanism is a likely explanation for
the poor results found in the vaccination arms, compared to
the control arms, in some of the studies described by Egger-
mont. These results highlight the need to identify and control
immunosuppressor mechanisms before immunostimulatory
treatment is initiated.

Based on the poor results summarised in the paper by
Eggermont, it seems obvious that immunostimulatory treat-
ment such as vaccination alone will not be able to achieve im-
mune mediated cancer control. The therapeutic strategy to be
applied is, based on the immunosuppressor mechanisms dis-
cussed above, highly dependent on whether we intend to treat
patients with progressively growing metastatic cancer or rad-
ically resected cancer patients in a ‘second equilibrium’ phase.

The initial changes in the immune system when tumours
escape and take a more aggressive course are not fully under-
stood which necessitates a structured analysis of these mech-
anisms and how they can be counteracted. Due to the poor
efficacy of immunostimulatory treatment during the past dec-
ades, it seems reasonable to postulate that there are other so
far unidentified suppressor mechanisms. It is therefore of
great importance that immunotherapy and vaccination trials
are closely monitored by using relevant immune parameters.
The selection of these parameters is of crucial importance.
Determination of cytotoxic T-cells in peripheral blood, using
ELISPOT or tetramer staining, is an excellent method to dem-
onstrate that an immune response has been achieved. This
does not, however, usually correlate to tumour reglression.25
Additional, pivotal immune parameters are: recruitment of
effector cells to the tumour, migration of these cells from the
intra-tumoural stromal areas close to the tumour cells, and ly-
sis of tumour cells. These parameters can easily be determined
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provided that tumour material can be obtained. Imaging tech-
niques for determination of immune cell recruitment are now
being developed. Clinical monitoring only is far too blunt a
technique to increase our knowledge - it will not even enable
us to discriminate between a total failure of the treatment
strategy and an initial anti-tumour reactivity followed by the
development of immunosuppressor/resistance mechanisms.
Both these scenarios will, in the absence of close monitoring,
be registered as total failures.

Two therapeutic strategies giving some hope for the future
are mentioned by Eggermont: immunomodulation by anti-
bodies directed to immune cell receptors and lymphodeple-
tion in combination with immunostimulation. As the
former strategy is close to the control of autoimmunity, there
is an obvious risk that such diseases will complicate the can-
cer treatment. A careful analysis of immune parameters in
the successful lymphodepletion strategy should give valuable
insight into how the efficacy of immunotherapy can be im-
proved. It also seems reasonable to select patients for treat-
ment based on parameters which have been demonstrated
to have predictive value for the outcome of immunotherapy,
e.g. occurrence of tumour infiltrating lymphocytes®>2? or a
gene signature in tumour biopsy pre-treatment.?

It can thus be concluded that the immune system plays a
major role in cancer control, that the immunoregulatory
mechanisms which suppress immune mediated cancer con-
trol are not yet fully understood, and that a structured analy-
sis of these immunoregulatory mechanisms will create the
basis for significantly improved efficacy of immunostimula-
tory treatment.
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